Introduction
With the advent of potent antiretroviral therapy (ART), the lifespan of individuals infected with HIV has significantly increased [1] . However, although mortality from end-stage AIDS has declined, chronic diseases, including type 2 diabetes mellitus (DM2), have emerged as important causes of morbidity and mortality in the HIV-infected population [2] .
Although the exact mechanisms leading to DM2 in HIVinfected patients have yet to be fully characterized, the pathophysiology is multifactorial and includes adverse metabolic effects of antiretroviral agents [3] [4] [5] , associated body morphology changes [6, 7] , immune activation and chronic inflammation [8, 9] , and an increase in the prevalence of usual risk factors for DM2, such as obesity [10, 11] .
Given that HIV-infected individuals are at increased risk of comorbid conditions such as cardiovascular disease [12] , effective medical management of hyperglycemia may be particularly important in this population. However, there are only limited data on the response to diabetic medications in HIV-infected patients with DM2, with currently published studies focused on patients with body morphology disorders and associated insulin resistance [13] [14] [15] [16] [17] [18] [19] . It is unknown whether patients with HIV infection respond to diabetic medical therapy similarly to the HIV-uninfected population. However, given the persistent inflammation and adverse metabolic effects characteristic of HIV infection, we evaluated the hypothesis that HIV-infected individuals achieve a smaller reduction in glycemia with medical therapy compared to patients without HIV. To do so, we compared the effectiveness of initial medical therapy for DM2 in patients with and without HIV infection.
Methods

Study setting and population
This study was conducted in the Centers for AIDS Research (CFAR) Network of Integrated Clinical Systems (CNICS) cohort, a longitudinal observational study of HIV-infected patients receiving primary care at eight sites. The CNICS data repository integrates comprehensive clinical data from all outpatient and inpatient encounters, including demographic, clinical, laboratory, and medication data using electronic health records (EHRs) and other institutional data sources [20, 21] .
In addition, patients without HIV infection were included from the Pennsylvania Integrated Clinical and Research Database (PICARD) at the University of Pennsylvania, Philadelphia. PICARD integrates information from multiple health systems including the EPIC EHR and includes information on patient-related clinic notes, orders, laboratory data, diagnoses, and medication prescriptions. PICARD serves as a comprehensive resource for obtaining a large population of HIVuninfected individuals with DM2 and has been used successfully in prior pharmacoepidemiologic studies [22, 23] .
Patients were included in the study if they were adults at least 18 years or older with DM2. Prevalent DM2 was identified based on meeting at least one of the following criteria: DM2 diagnoses (e.g. International Classification of Diseases, Ninth Revision, Clinical Modification code 250.02) or prescription(s) for a diabetes-specific medication such as a sulfonylurea. This algorithm was previously found to have a positive predictive value of 91% for identifying HIV-infected diabetic patients [24] . The use of the same algorithm in PICARD had a positive predictive value of 90% for identifying HIV-uninfected adult patients with diabetes (Han J et al., unpublished data).
The date of the first prescription for a diabetic medication was denoted as the index date ( Figure 1 , Supplemental Digital Content, http://links.lww.com/QAD/A256). Participants who initiated a new diabetic medication between 1 January 1999 and 1 February 2010 were eligible for inclusion. In order to further ensure 'new-user' status and to exclude participants who may have switched medications, the participants were required to have been enrolled in the cohort at least 6 months preindex date; not have had a prescription for a diabetic medication in the 6 months preceding the index date; and have at least one re-order of the new therapy during the year after the index date.
Study design
This was a retrospective cohort study using a 'new-user' design [25] of individuals with DM2 who initiated diabetic medical therapy, with the primary exposure of interest being HIV infection. To increase the uniformity of comparison groups, participants without HIV infection were matched in a 3 : 1 ratio to HIV-infected individuals based on age (AE5 years) and sex.
The primary outcome of interest was absolute change in hemoglobin A1c (HbA1c) during the first year of therapy. Subanalyses were planned a priori with the goal of indepth exploration of mechanisms that may play an important role in determining glycemic control in HIV, namely protease inhibitor use and HIV disease stage, which correlates with levels of chronic inflammation. For the latter, CD4 þ T-cell count and viral load were used as approximate surrogate measures, given established associations between lower CD4 þ T-cell counts and higher viral loads with greater levels of inflammation [9, [26] [27] [28] . Treatment responses in patients without HIV infection were compared separately to those in HIV-infected patients with CD4 þ T-cell counts less than 200 cells/ml; with detectable viremia; and receiving protease inhibitorbased ART. The secondary outcome of interest was the proportion of patients in each group who achieved the American Diabetes Association (ADA) goal of an HbA1c less than 7% at any time in the postindex period.
In evaluating the effects of diabetic medications on glycemic response, no adjustment was made for medication dose changes, as the majority of participants receiving an oral medication (>90%) were titrated to maximum doses. Medication intensification was considered as the addition of another diabetic medication to the initial regimen at any time during the 12-month postindex period. The study was reviewed and approved by the institutional review board of the University of Pennsylvania. All CNICS sites also have local institutional review board approval.
Demographic and clinical variables
The following baseline data were collected for all participants at the time of diabetic medication initiation: age, sex, height, weight, and race and ethnicity. Information on the presence of the following comorbid conditions at baseline that could potentially affect glycemic response and/or adherence was collected ( Table  1 , Supplemental Digital Content, http://links.lww.com/ QAD/A256): major psychiatric comorbid conditions (!1 diagnosis code for a major psychiatric disorder 12 months preindex date); alcohol abuse (!1 diagnosis code for current alcohol abuse 12 months preindex date); substance abuse (!1 diagnosis code for current illicit substance abuse 12 months preindex date); and hepatitis C infection [29, 30] (!1 diagnosis code for hepatitis C and/or positive hepatitis C antibody status).
HbA1c results from 6 months preindex date up to 12 months postindex date were included. Baseline HbA1c, HIV RNA levels, and CD4 þ T-cell counts were defined as those measured in the 6-month preindex date period closest to but not after the start of diabetic medical therapy.
Diabetic medications were categorized by class [i.e. sulfonylureas, metformin, thiazolidinediones (TZDs), insulin, or combination oral therapy] and included for up to 12 months after the index date. For patients with HIV infection, ART regimens were classified into protease inhibitor-based ART (i.e. inclusion of a protease inhibitor) or nonprotease inhibitor-based ARTat baseline (i.e. absence of a protease inhibitor).
Statistical analysis
Baseline characteristics among the groups were compared using the Student's t-test or Wilcoxon rank-sum test for continuous variables and the x 2 or Fisher's exact test for categorical variables. A generalized estimating equation (GEE) model was used for the primary outcome analyses. The GEE model accounts for correlation within a subject, including for longitudinal, repeated measurements, and allowed inclusion of all available HbA1c measurements during the first year of treatment [31] . Follow-up time intervals during which HbA1c values were obtained were categorized as follows for analysis: 1-3, 4-6, 7-9, and 10-12 months. If more than one follow-up HbA1c value was available for a specified time interval, the most recent value was entered into the model. Variables that could act as potential confounders of the association between HIV infection and change in HbA1c, including comorbid conditions, diabetic medication class, and therapy intensification, were considered for inclusion and maintained in the final model if their inclusion resulted in an at least 10% change in the effect measure for the primary association of interest and/or were considered to be clinically important [32] . Baseline HbA1c was retained in the model regardless of change in point estimate given its known influence on initial response to therapy [33, 34] . Given its reported association with insulin resistance [29, 30] , hepatitis C was considered a priori as a potential effect modifier. Subanalyses were then performed in a similar fashion using a GEE model, with treatment responses in individuals without HIV infection compared to responses in HIV-infected individuals on a protease inhibitor-based versus a nonprotease inhibitor-based ART regimen; with and without a baseline undetectable viral load; and with a baseline CD4 þ T-cell count at least 200 or less than 200 cells/ml. An undetectable viral load was categorized as one that was below the lower limit of detection for the specific assay in use at the time of specimen collection (at least 400 copies/ml).
Secondary outcome analysis was performed using multiple logistic regression [35, 36] , with adjustment for potential confounders in the final model as noted in the primary outcome analyses [32] . For all calculations, a two-tailed P value of less than 0.05 was considered significant. All statistical calculations were performed using commercially available software (STATA v11.0; StataCorp LP, College Station, Texas, USA).
Results
Baseline characteristics
A total of 286 patients with HIV infection and 858 patients without HIV infection qualified for the study (Fig. 1) . Baseline clinical and demographic characteristics of newusers of diabetic medications with and without HIV infection are shown in Table 1 . Compared to patients without HIV infection, patients with HIV infection had lower mean baseline HbA1c values [7.82% (standard deviation, SD 2.3) versus 8.62% (SD 2.4), respectively; P < 0.001]. Both groups had a median of two follow-up HbA1c tests (interquartile range 1-3) performed in the year after initiating pharmacologic therapy, and at least one follow-up HbA1c value for each of the four follow-up time intervals was available for approximately half of participants in both groups (data not shown).
Initial diabetic medical therapy and treatment responses over the first year
The majority of new-users initiated one oral diabetic medication, with the most commonly prescribed therapy for patients with and without HIV infection being metformin (50.4 and 57.6%, respectively). Only a small proportion of patients with and without HIV infection started combination therapy (6.6 and 7.0%, respectively; P ¼ 0.84) or underwent a medication switch (5. Overall, patients had an adjusted absolute mean reduction in HbA1c of 1.04% [95% confidence interval (CI) À0.87 to À1.22] during the first year of diabetic medical therapy ( Table 2) . HIV-infected patients achieved significantly smaller reductions in HbA1c compared to patients without HIV infection, with an absolute mean difference in reduction in HbA1c of À0.17% during the first year of treatment (95% CI À0.28 to À0.06; P ¼ 0.003), after adjustment for baseline HbA1c (Table 2 ). In the final GEE model including age, race/ethnicity, use of initial combination oral therapy, baseline HbA1c, HIV infection status, and time (duration of therapy), there was no evidence of effect modification by hepatitis C status (Wald test for interaction P ¼ 0.39). Furthermore, the groupby-time interaction, which was formally tested during model building, was not significant (Wald test for interaction P ¼ 0.080). Changes in HbA1c in adjusted GEE analyses are shown in Table 3 .
On post-hoc analyses, HIV-infected patients with either low ( 8%) or high (>8%) baseline HbA1c values achieved statistically significantly smaller reductions in HIV and initial diabetic medical therapy Han et al. 2091 HbA1c compared to patients without HIV infection. Furthermore, this less robust response appeared more pronounced for those beginning with high compared to low baseline HbA1c values, as follows: a difference of À0.25% (95% CI À0.47 to À0.04; P ¼ 0.02) versus a difference of À0.12% (95% CI À0.22 to À0.01; P ¼ 0.03), respectively. The results of this post-hoc analysis indicate that the difference in response is likely not due primarily to lower baseline HbA1c values in patients with HIV infection.
Subanalyses
After adjustment for age, baseline HbA1c, BMI, year of medication initiation, medication intensification, and time (duration of therapy), HIV-infected patients on a protease inhibitor-based regimen, but not those on nonprotease inhibitor-based regimens, achieved significantly smaller reductions in HbA1c during the first year of treatment compared to patients without HIV infection (difference À0.21%, 95% CI À0.35 to À0.08; P ¼ 0.002 in those on protease inhibitors versus difference À0.10%, 95% CI À0.25 to 0.06; P ¼ 0.21 in those not on protease inhibitors; 
HIV infection and achievement of the American Diabetes Association goal for hemoglobin A1c
In unadjusted analysis, 59.1% of patients without HIV infection and 72.7% of patients with HIV infection achieved an HbA1c of less than 7% at any time in the 12-month postindex date period. In multivariable analyses, HIV infection was associated with the achievement of an HbA1c less than 7%, with an adjusted odds ratio of 1.69 (95% CI 1.21-2.36; P ¼ 0.002), even after adjusting for baseline HbA1c (Table 4 ).
Discussion
In this longitudinal cohort study, patients with DM2 and HIV infection who initiated diabetic medical therapy achieved smaller absolute reductions in HbA1c than patients with DM2 and no HIV infection in the course of routine clinical care. This less robust response was more pronounced in HIV-infected patients on a protease inhibitor-based regimen compared to those on a nonprotease inhibitor-based regimen and was independent of several important potentially confounding factors including the baseline HbA1c level.
Overall, the entire cohort of new-users, who were almost exclusively treated with monotherapy and predominantly 2092 AIDS 2012, Vol 26 No 16 with metformin, achieved an absolute reduction in HbA1c of approximately 1% after initiation of pharmacologic therapy. This response is consistent with that reported in studies in the HIV-uninfected population after 1 year of oral monotherapy [37] [38] [39] . Notably, HIVinfected patients in our study had lower HbA1c values compared to HIV-uninfected patients at baseline and all time points through the year after initiation of therapy. Several studies suggest that HbA1c may underestimate glycemic control in HIV-infected patients [40] [41] [42] , and this HbA1c-glucose discordance may in part be explained by hemolysis and use of specific ART agents. Nevertheless, in the present study, HIV-infected patients, even after adjustment for baseline HbA1c, achieved significantly smaller reductions in HbA1c compared to patients without HIV infection. Although the mechanisms behind this association are unclear, our subanalyses, based on a limited number of patients, suggest that decreased responses in those with HIV are more pronounced in users of protease inhibitors. This finding is consistent with data indicating increased insulin resistance in recipients of protease inhibitors [3] [4] [5] and use of these medications, particularly in individuals with uncontrolled DM2 and HIV, should carefully be considered when weighing treatment options. The observed differences in glycemic response may also relate in part to persistent inflammation or immune activation, which have been associated with both HIV infection and insulin resistance [26, 28, [43] [44] [45] . Although our subanalyses did not support this mechanism, CD4 þ T-cell count and viral load, though associated with inflammation and immune activation, are only approximate measures of these underlying processes [26, 28, 46] and future investigations of this issue should characterize these parameters more directly. In particular, insulin resistance itself has been strongly associated with inflammation [44, 45] and future studies should aim to measure levels of inflammatory biomarkers (e.g. C-reactive protein) as well as markers of immune activation.
The rate of achievement of an HbA1c less than 7% in our study was 72.7% for HIV-infected patients. To our knowledge, there are currently only three studies in the literature evaluating achievement of an HbA1c less than 7% in HIV-infected patients, all of which reported rates of approximately 50% [47] [48] [49] . However, these studies were cross-sectional reports of patients with prevalent DM2 and, therefore, are not comparable to our cohort of newusers. Furthermore, HbA1c-glucose discordance [40, 41] may in part explain why HIV-infected patients, despite smaller absolute reductions in HbA1c, were more likely to achieve the ADA goal. Nonetheless, although the absolute difference in HbA1c was modest and HIVinfected patients were more likely to achieve goal HbA1c values, studies in the HIV-uninfected literature have demonstrated that even a small reduction in HbA1c of approximately 0.8% significantly reduces the risk of microvascular and macrovascular complications [50] .
Given this less robust glycemic response to standard medical therapy for DM2, it will be important for HIV providers to focus on aggressive, timely management of glycemia as well as achievement of recommended lipid and blood pressure goals to reduce associated morbidity and mortality. The finding that HIV-infected patients who started with higher baseline HbA1c values (>8%) in our study had an even more pronounced poorer response to initial therapy provides further justification for early and prompt initiation of treatment in patients with recently diagnosed DM2.
To our knowledge, the present study is the first in the literature to evaluate the response to initial diabetic medical therapy in patients with HIV infection compared to those without HIV infection. The results are strengthened by the large size of our cohort, capture of comprehensive clinical data for assessment of confounding, and evaluation of HIV-specific, mechanistic factors such as ART regimen and virologic control that could arguably affect glycemic response. Finally, the present study evaluated patients receiving routine medical care, thereby measuring the impact of medications in a 'realworld' clinical setting as opposed to the more artificial setting of a clinical trial in which patients are highly selected for inclusion.
There are also several potential limitations of the present study. As with any observational study, our results may be affected by confounding. However, we attempted to account for a wide variety of relevant factors in our multivariable analysis, employed a new-user design that minimizes prevalent-user bias, and used a longitudinal model which permitted incorporation of all follow-up HbA1c results in the analyses. Furthermore, we were unable to ascertain data on adherence to diabetic medical therapy; however, we evaluated comorbid conditions that could potentially affect adherence in our analyses, and there were minimal therapy switches in both patient groups, thereby suggesting low rates of adverse medication effects that could lead to poor adherence. The use of separate cohorts for patients with and without HIV infection is another potential limitation; however, both patient cohorts were representative of routine medical care delivered in academic, tertiary care settings, patients were matched by age and sex, and patients with prevalent DM2 were ascertained in both databases using similar, validated algorithms. Furthermore, although the findings of our study demonstrated that HIV-infected patients on protease inhibitor-based regimens had a less robust glycemic response, increasing evidence suggests that newer agents in the protease inhibitor class may not have the same adverse metabolic effects compared to older agents [51] . Although the majority of HIV-infected patients on protease inhibitor-based regimens were on atazanavir/ritonavir and lopinavir/ritonavir (42.4 and 31.8%, respectively), given limitations in sample size, we were unable to evaluate the effect of individual protease inhibitors on glycemic control. Finally, the present study evaluated clinical care delivered at academic institutions and may not be generalizable to other settings.
Conclusion
In conclusion, HIV-infected patients in routine clinical care achieved smaller absolute reductions in HbA1c in response to initial diabetic medical therapy. Current guidelines on the management of DM2 in HIV-infected patients are based on established recommendations in the HIV-uninfected population [52] . However, given the less robust glycemic response to initial diabetic therapy, optimizing medical therapy and achievement of target lipid and blood pressure goals may be even more critical in HIV-infected patients with DM2. Further research is needed to elucidate the mechanisms leading to this less robust glycemic response, including the contribution of specific protease inhibitors and chronic inflammation. Future studies should also evaluate optimal choice of pharmacologic therapy and the most accurate measurement of glycemia in this medically complex population, with the goal of decreasing the risk of clinical complications and mortality.
